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Abstract This paper describes the Δ-Emis tool for emission
inventories, recently developed in the framework of Forum for
Air Quality Modelling in Europe (FAIRMODE). TheΔ-Emis
tool consists of a set of indicators and diagrams that support
the comparison of bottom-up and top-down emission inven-
tories. Four different comparison methods are proposed: (1)
pollutant emission comparisons across sectors (bar plot), (2)
quantification of the differences between inventories allocated
in terms of activity data and emission factors (diamond dia-
gram), (3) emission per capita comparisons (per-capita
diagram) and (4) comparison of pollutant ratios (pollutant ra-
tio diagram). The methodology has been tested for an urban
emission inventory in Barcelona, and results show the
capability of the system to flag inconsistencies in the existing
inventories. The strengths and limitations of the tool are pre-
sented. The proposed methodology may be useful for regional
and urban inventory developers as an initial evaluation of the
consistency of their inventories.
Keywords Bottom-up emission inventories . Top-down
emission inventories . Benchmarking emission . Urban areas
Introduction
Atmospheric emission inventories are datasets used to esti-
mate the amount of air pollutants being emitted to the atmo-
sphere, caused by an economic, social or natural activity, at a
certain geographical location for a given period of time.
Emission inventories are generally recognized as key inputs
to atmospheric modelling, especially when they are used to
design effective control measures to mitigate the adverse im-
pact of air pollution (EEA 2011; ETC/ACM 2013). For in-
stance, the EU Air Implementation Pilot project, launched by
the European Environment Agency (EEA) and the European
Commission, considered emission inventories as one of the
five relevant topics for the development of local action plans
to improve air quality (EEA 2013). At the same time, several
studies have identified emission inventories as one of the main
sources of uncertainty in the air quality modelling chain (e.g.
Russel and Dennis 2000; Viaene et al. 2013). Therefore, the
development of accurate emission inventories is particularly
relevant to air quality applications in the context of European
legislation. The quality of an emission inventory, mainly de-
termined by the quality of its underlying input proxy data (e.g.
population, activity mapping), and the choice of its emission
factors will determine to a large extent the accuracy of the
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subsequent air quality models and predicted concentration
levels (Tong et al. 2012; Frost et al. 2013).
Apart from direct measurement of specific emissions,
which usually are scarce and only available for large point
sources, there are two major approaches for estimating emis-
sion inventories: (i) bottom-up and (ii) top-down. Both
methods require information concerning activity factors (e.g.
total amount of fuel consumed) and emission factors per ac-
tivity (e.g. amount of pollutant emitted per activity unit).
Emissions are then estimated as the product of the emission
factor and the relevant activity data. Emissions compiled
through a bottom-up approach are based on specific informa-
tion for each sector, such as housing units for domestic heating
or number of vehicles for traffic emissions. Bottom-up ap-
proaches allow high spatial and temporal detail, while they
require greater amount of data and therefore resources.
Alternately, top-down approaches are based on the disaggre-
gation of variables defined at regional or national level (e.g.
fuel sold or consumed) in smaller areas based on variables that
represent the activity (e.g. dwelling density for wood burning
emissions), achieving then a higher spatial detail. The selec-
tion of the method to build an emission inventory is verymuch
related to data availability, emission source considered and
spatial coverage of the inventory. Emission inventories at na-
tional level usually tend to rely on a larger degree on top-down
approaches, while emission inventories developed for local
and urban applications rely to a larger degree on bottom-up
approaches.
In the last decade, several studies have compared and
assessed top-down versus bottom-up approaches in order to
shed light in the understanding and reliability of the emission
estimates (e.g. references in Coelho et al. 2014). Results have
shown that these two approaches to estimate inventories are
often not consistent with each other, and their use in air quality
models leads to inconsistencies in terms of predicted concen-
tration levels (Borrego et al. 2000;Wang et al. 2009). This fact
can be especially relevant in multi-scale air quality studies, in
which emission-related inputs must be consistent across the
different scales (Borge et al. 2014). Consequently, there is a
need to analyse and secure the consistency between bottom-up
and top-down emission inventories.
Up to now, many tools and software systems have been
developed to process existent emission inventories (e.g.
Monforti and Pederzoli 2005) or to administer the relevant
data needed to establish an emission inventory (e.g.
Winiwarter and Schimak 2005). The first types of tools have
proved to be very useful for creating consistent high-
resolution emission data for runs of chemical transport models
(e.g. Bieser et al. 2011), while the second ones fulfil the need
of including transparency and reproducibility in emission cal-
culation and emission reporting (e.g. Collect Emission
Register tool (CollectER), http://acm.eionet.europa.
eu/country_tools/ae/CollectER_III.html). However, to the
authors’ knowledge, no tool is currently available for
comparing emission inventories and screening the
differences between top-down and bottom-up emission
estimates.
The work presented in this study was developed under the
framework of FAIRMODE (2015), a Forum for Air Quality
Modelling created for exchanging experience and results from
air quality modelling in the context of the Air Quality
Directive (AQD). The FAIRMODE network intends to sup-
port model users at administrative levels in their policy-related
model applications by establishing tools, databases and
methods to enhance harmonization and promote good model-
ling practises among member states. Under the work of
FAIRMODE, indicators to support the dynamic evaluation
of air quality models have already been developed (Thunis
et al. 2014) as well as criteria to evaluate the performance of
air quality modelling applications (Thunis et al. 2012).
In this context, a user-friendly tool has been developed to
compare top-down versus bottom-up emission estimates
aiming at (1) increasing the understanding of the reason for
discrepancies between results from both approaches and (2)
identifying the aspect(s) of the emission inventory (e.g. sector,
pollutant) which need special attention and deeper analysis.
The overall objective is to facilitate the identification of rea-
sons for discrepancy and guide to possible ways to improve
the accuracy of the emission inventories. In this sense, the tool
is addressed to a wide range of emission inventory stake-
holders, including users at administrative level, consultants,
developers and scientists. It is important to highlight that the
benchmarking tool is designed as a first step in an evaluation
process towards reducing uncertainties in emission invento-
ries. A more comprehensive evaluation can then be achieved
by combining the proposed benchmarking method with other
approaches, as compared with predicted concentration levels
using multiple emission datasets and observations (e.g.
Guevara et al. 2014).
This manuscript describes the benchmarking tool (Δ-
Emis) and available indicators and suggests a method to fol-
low in the understanding and interpretation of the results. A
case study in Barcelona is included as supporting material for
the description of the methodology and interpretation. The
study finalizes pointing out the strengths and limitations of
the tool.
Tool set-up
TheΔ-Emis tool is an Interactive Data Language (IDL)-based
tool designed to screen and benchmark emission inventories
and especially to support the comparison of bottom-up and
top-down emission estimates at city, regional and country
scales. The software has been developed by JRC (http://aqm.
jrc.ec.europa.eu/index.aspx) in close collaboration with the
FAIRMODE activities under WG2 (http://fairmode.jrc.ec.
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europa.eu). It is currently available as a stand-alone tool. The
IDL-based executable tool and the required input data can be
freely downloaded from the FAIRMODE website after prior
registration and can be installed (one-click installation
procedure) on computers with a Windows, Mac or Linux
environment.
The tool comes with a user interface that has been designed
to be as simple and intuitive as possible (Fig. 1). The droplists
of the menu bar allow the user selecting the bottom-up
(BU_Files) and top-down (TD_EMISS) emission inventories
to be compared and the comparison method to be used
(PLOT_TYPE droplist). Once the two inventories have been
chosen, the user can select from a list the sectors (MACRO
SECTORS) and pollutants (SPECIES) to be considered in the
comparison. It is important to note that these two lists will
vary depending on the user input bottom-up emission infor-
mation (e.g. number of pollutants reported, user-defined short
name of the emission macro-sector; see the BBottom-up ag-
gregated inventories^ section). The BGO^ button generates the
desired output. To facilitate the post-processing, all data of the
diagrams can be saved in ASCII format, and diagram pictures
can be saved in TIFF format.
The inputs of the tool consist of NetCDF files for the top-
down emission inventories, simple excel (csv format) files for
the bottom-up emission inventories and a collection of default
shape files for a total of 39 countries, 428 regions and 477
cities.
The objectives in the set-up of the tool were, on the one
hand, to make the user emission input for the domain as sim-
ple as possible (BBottom-up aggregated inventories^ section)
and, on the other hand, to allow for a comparison with well-
established top-down European emission inventories (BTop-
down gridded inventories^ section).
For a more detailed technical description of the tool, its
installation under the different operating systems, its practical
use and the formatting of the user input files, we refer to the
User Manual available from the FAIRMODE website
(Cuvelier et al. 2015).
Top-down gridded inventories
Two European top-down emission inventories are available in
the tool for comparison with the user-defined bottom-up emis-
sion information for cities, regions and countries. Both
inventories consider the following pollutants: carbon monox-
ide (CO), ammonia (NH3), volatile organic compounds
(VOCs), nitrogen oxides (NOx), particulate matter 10 μm or
less in diameter (PM10), particulate matter 2.5 μm or less in
diameter (PM2.5), sulphur dioxide (SO2) and methane (CH4),
which are classified according to the Selected Nomenclature
for sources of Air Pollution (SNAP): SNAP01 (combustion in
energy industries), SNAP02 (non-industrial combustion
plants), SNAP03 (combustion in manufacturing industries),
SNAP04 (production processes), SNAP05 (extraction and
distribution of fossil fuels), SNAP06 (solvent use), SNAP07
(road transport), SNAP08 (other mobile sources), SNAP09
(waste treatment) and SNAP10 (agriculture). Natural sources
(SNAP11) are not considered in any of the selected
inventories.
These top-down emission datasets have been successfully
used in large-scale modelling applications and are intended to
be homogeneous over Europe (e.g. AQMEII project, Forkela
et al. 2015). Nevertheless, they may be uncertain when
looking at specific situations, such as urban environments.
For this scale, a local bottom-up emission inventory can po-
tentially be more reliable as the behaviour of an urban region
is not well reflected by the commonly used pan-European
proxies. In this sense, it is important to stress that the top-
down inventories used in this tool are not taken as a Btrue^
reference against which bottom-up inventories are compared,
but rather as an element to perform relative comparisons be-
tween emission inventories (i.e. comparison between pairs).
EC4MACS inventory
For a detailed description of the EC4MACS inventory, we
refer to EC4MACS (2012). The inventory is defined on a
regular longitude-latitude grid that covers all of Europe with
a spatial resolution of 0.125° × 0.0625° (i.e. 1/8° and 1/16°
which roughly correspond to 7 km). Emissions (with excep-
tion of CH4) are available for all SNAP sectors and 2009 as
reference year.
The EC4MAC inventory is based on the gridded anthropo-
genic EMEP emission inventory (0.5° × 0.5°), which is
regridded to the working domain considering the USGS land
use database (http://landcover.usgs.gov/) and a population
density map provided by JRC (Silva et al. 2013).
Fig. 1 Menu bar of the Δ-Emis tool. The BU_Files and TD_EMISS
droplists allow selecting the bottom-up and top-down emission
inventories to be compared, respectively. The PLOT_TYPE droplist
allows selecting the comparison method to perform. Pollutants and
sectors to be considered can be selected from the correspondent lists
(SPECIES and MACRO SECTORS)
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TNO_MACC-II inventories
For a detailed description of the TNO_MACC-II inventories,
we refer to Kuenen et al. (2014). This inventory is defined on a
regular longitude-latitude grid that covers all of Europe with
spatial resolution of 0.125° × 0.0625° (i.e. 1/8° and 1/16°:
7 km). Emissions for CH4 are available in this case, and
traffic-related emissions are distinguished between (1) exhaust
emissions of gasoline road transport (referred to as
SNAP07.1), (2) exhaust emissions of diesel road transport
(referred to as SNAP07.2), (3) exhaust emissions of LPG road
transport (referred to as SNAP07.3), (4) non-exhaust volatili-
zation (only VOC emissions) (referred to as SNAP07.4) and
(5) non-exhaust brake wear, tire wear and road wear (referred
to as SNAP07.5).
The TNO-MACC-II inventory is set up using official re-
ported emissions at the source sector level to the extent pos-
sible without reducing the overall quality of the inventory.
Emissions are downloaded from the European Environment
Agency (www.eea.europa.eu/data-and-maps/data). If
necessary, gaps and unreliable data are replaced by
emissions estimated from the International Institute for
Applied Systems Analysis and Greenhouse Gas and Air
Pollution Interactions and Synergies (IIASA-GAINS) model
(http://gains.iiasa.ac.at/) or TNO’s own default emission
database. To perform a distribution of the national reported
emission inventories across the European TNO-MACC-II
working grid, emissions are first split by TNO in ∼200 differ-
ent source categories and then linked to specific distribution
patterns (e.g. point source data, transport routes).
The TNO_MACC-II inventories are implemented in the
tool for the years 2003 to 2009. Comparisons are made with
the year closest to the reference year taken from the user
(bottom-up) input information. Note that the TNO_MACC-
II inventories have a combined SNAP03 + SNAP04 sector,
corresponding to combustion in manufacturing industry and
production processes.
Bottom-up aggregated inventories
In order to make a proper comparison with the top-down in-
ventories, the following information is needed for the bottom-
up inventory: definition of the domain, pollutants to be con-
sidered in the inter-comparison, user-defined sectors and their
mapping to the SNAP nomenclature and emission totals for
the year of interest.
The user input bottom-up emission information is
contained in a simple excel (csv format) file divided in three
different sections: (i) definition of the emission domain under
consideration (i.e. number and name of the shape files that
define the domain and the type of domain: country, region
or city), (ii) reference year of the emissions and (iii) emission
information (i.e. specie, user-defined short name of the
emission macro-sector, user-defined long name of the emis-
sion macro-sector, correspondence of the macro-sector to the
SNAP sectors and total amount of emissions in kt/year).
The domain (city, region or country) can freely be de-
fined as a geographic/administrative entity (e.g. munici-
pality, province) represented with a collection of
shapefiles or as a regular polygon (i.e. rectangle) defined
by the longitude-latitude coordinates of its vertices. In all
cases, emission inventories have to be loaded by the user
as total emissions over the defined domain per macro-
sector (SNAP sectors) and pollutant. For a more specific
technical description of the user input shapes, we refer to
the user manual (Cuvelier et al. 2015).
So far, theΔ-Emis database contains bottom-up user input
files for the following cities, regions and countries.
Cities Antwerp (Belgium), Bergen (Norway), Barcelona
(Spain), Lisbon (Portugal), London (UK), Milan (Italy),
Oslo (Norway), Porto (Portugal), Stockholm (Sweden),
Sofia (Bulgaria).
Regions Alsace (France), Antwerp (Belgium), Barcelona
(Spain), Catalonia (Spain), Flanders (Belgium), Madrid
(Spain), Po Valley (Italy), Stockholm (Sweden), Strasbourg
(France).
Countries Bulgaria, Spain
The bottom-up inventories already included in the tool are
to be used as useful examples. Note that these input datasets
(bottom-up and top-down) are currently limited to the
FAIRMODE community, where the analyses are made in col-
laboration with the experts developing the inventories.
Contacts with the data providers are required before using
these data outside FAIRMODE.
Comparison rules
Top-down resolution
For the computation of top-down emissions over the user do-
main defined with the bottom-up inventory (see the BBottom-
up aggregated inventories^ section), the top-down cell (ap-
proximately 7 × 7 km2) in the inventory is sub-divided into
seven by seven sub-cells of 1 × 1 km2. The emissions of a
pollutant on a sub-cell (1/49 of the cell total) contribute to the
top-down total only if the centre of the sub-cell is located
within the domain. In this way, one could say that the compu-
tation of the top-down emission quantities has a resolution of
1 km, but with the top-down emissions uniformly distributed
over the emission cell.
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Ranking of emissions per capita
One of the diagrams available in the Δ-Emis tool pro-
vides information on the position of the bottom-up per-
capita emissions on the domain with respect to a set of
per-capita top-down emissions on a large collection of
cities, regions and countries (BPer-capita diagram^ sec-
tion). The population file used has a resolution of
1 × 1 km2 (Gallego 2010; Horálek et al. 2013). In a
preprocessing phase, the per-capita SNAP emissions
from the top-down inventory are calculated on all the
available (477) city, (428) region and (39) country
shapes that are predefined in the tool. These per-capita
SNAP emissions will then be projected on the user
macro-sectors using the Bcorrespondence to SNAP^ rela-
tions from the input file. The predefined shapes contain
all European countries, all national administrative re-
gions, and all the main European cities.
The Barcelona test case
In order to illustrate how the Δ-Emis tool can be used in a
practical case, the application of the proposed methodology
and interpretation is described on a practical example.
A Barcelona city local/regional inventory including a large
amount of Bbottom-up^ information (i.e. HERMESv2.0;
Guevara et al. 2013; hereinafter referred to as BUP) is com-
pared to the European TNO_MACC-II emission inventory
described in the BTop-down gridded inventories^ section
(hereinafter referred to as TOD), the reference year being
2009 in both cases.
The macro-sectors and pollutants considered for the analy-
sis are non-industrial combustion (SNAP02, hereafter referred
to as DOM), industrial combustion and processes (SNAP03 +
04, hereafter referred to as INDU) and road transport
(SNAP07, hereafter referred to as TRAFF). The pollutants
considered are NOx, SO2, VOC and PM10.
For the BUP inventory, emissions from the INDU sector
are estimated according to a facility database that compiles
specific information per stack including, among others, geo-
graphical location and activity/emission factors. The industrial
point source inventory is composed of 35 facilities that mainly
include paper, glass and brick and tile industries as well as
cogeneration and other combustion installations. Emissions
from TRAFF are estimated combining the Tier 3 method de-
scribed in the EMEP/EEA air pollutant emission inventory
guidebook (fully incorporated in version 5.1 of the COPERT
4 software) with a digitized traffic network that contains spe-
cific information by road stretch for daily average traffic,
mean speed circulation, temporal profiles and vehicular park
profiles. For the city of Barcelona, this information was ob-
tained by post-processing the combination of traffic intensity
from over 2575 observation stations and 12 park composition
profiles based on real circulation data. Finally, DOM emis-
sions are calculated considering energy consumption statistics
at NUTS3 level and specific fuel-type emission factor (EF).
The residential energy consumption considered for the city of
Barcelona is 3.3 MWh/inhabitant for natural gas and
0.14 MWh/inhabitant for liquefied petroleum gas.
For a more detailed information on the Barcelona BUP
emission inventory, authors refer to Soret et al. (2014) and
the supplementary material of Guevara et al. (2013), which
summarizes all the information sources, EFs and estimated
emission expressions used in HERMESv2.0 for the calcula-
tion of emissions.
Benchmarking methodology—Δ-Emis tool
Four comparison methods are proposed here as part of theΔ-
Emis tool (Fig. 2). The comparison indicators include (1) pol-
lutant emission comparisons across sectors (i.e. bar plot), (2)
evaluation of the differences between inventories allocated in
terms of activity data and emission factors (i.e. diamond dia-
gram), (3) emission per capita comparisons (i.e. per-capita
diagram) and (4) comparison of pollutant ratios across regions
(i.e. pollutant ratio diagram).
Bar plot
The Bbar plot diagram^ (Fig. 2.a) is built for each emitted
pollutant and activity sector as the ratio between the bottom-
up emission total (BUP) versus the corresponding top-down
emission total (TOD) for the same geographical area (for ex-
ample, for NOx and one activity sector: ~E
NOx
BUP=TOD ¼ ENOxBUP=
ENOxTOD ). These inter-inventory emission ratios easily indicate
whether the bottom-up emission inventory will result in higher
(>1) or lower (<1) emissions with respect to the top-down
emission estimates. Note that the bar plot uses a logarithmic
scale to show the different inter-inventory emission ratios on
its vertical axis.
The Δ-Emis tool allows choosing among sectors and pol-
lutants to be compared. The bar plot diagram is especially
useful when the ratios of all sectors from the bottom-up in-
ventory are displayed in the Δ-Emis tool together for all pol-
lutants (not shown).
The following sequence is proposed to perform the analysis
of the bar plot diagram:
1) Overall total emissions per sector and pollutant
This first screening gives an overview of the different inter-
inventory emission ratios depending on the bar length. It
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allows to identify the largest/lowest discrepancy of the total
emissions per sector and pollutant.
2) Consistency of all ratios for a given activity sector
The comparison of inter-inventory ratios for a given activ-
ity sector also provides information about the emission factor
ratios. Indeed, when two bars have the same size for an activ-
ity sector, the inter-inventory ratios are equal for the two pol-
lutants. For example, if the bars for PM10 and SO2 are equal
for the same activity sector, then ~E
PM10
BUP=TOD ¼ ~E
SO2
BUP=TOD. It is
easy to demonstrate that the previous relation is equivalent to
the following one: ~E
PM10=SO2
BUP ¼ ~E
PM10=SO2
TOD , where ~E
PM10=SO2
BUP
and ~E
PM10=SO2
TOD are the inter-pollutant ratios for the BUP and
the TOD inventories (~E
PM10=SO2
BUP ¼ EPM10BUP =ESO2BUP and ~E
PM10=SO2
TOD
¼ EPM10TOD =ESO2TOD ). Moreover, since total emissions are calcu-
lated as the product of an emission factor and an activity
(EPM10BUP ¼ ePM10BUP ABUP and ESO2BUP ¼ eSO2BUPABUP ) and since activ-
ities are similar for all pollutants within a given activity sector,
inter-pollutant emission ratios are equal to ratios between
emission factors (~E
PM10=SO2
BUP ¼ ePM10BUP =eSO2BUP ¼ ~ePM10=SO2BUP ). It
is easy to generalize that ~E
PM10
BUP=TOD >
~E
SO2
BUP=TOD (resp.
~E
PM10
BUP=TOD <
~E
SO2
BUP=TOD ) i s equ iva l en t t o ~e
PM10=SO2
BUP >
~ePM10=SO2TOD (resp. ~e
PM10=SO2
BUP < ~e
PM10=SO2
TOD ). This relation can
then be used to compare emission factor ratios. Note that when
an activity sector is composed of different technologies/fuels,
the emission factor is substituted by the concept of the weight-
ed emission factor, which is discussed in Thunis et al. (2016).
The results over the Barcelona area for this indicator are
presented in Fig. 3
1) Most of the 12 pollutant sectors present lower
emissions when using the BUP inventory (inter-
inventory ratios <1), and the largest discrepancy
is found to be for PM10 for the DOM sector (in-
ter-inventory ratio ∼0.1). On the other hand, the
BUP inventory shows higher values of SOx for
the TRAFF sector (inter-inventory ratio ∼10.5).
NOx is the pollutant that presents the lowest dif-
ferences, especially for the TRAFF sector (inter-
inventory ratio ∼0.9)
Fig. 2 Set of indicators and diagrams that define the Δ-Emis tool and
support the evaluation and comparison of bottom-up (BUP) and top-
down (TOD) emission inventories: a bar plot, b diamond diagram, c
per-capita emission diagram and d pollutant ratio diagram (see the BBar
plot^, BDiamond diagram^, BPer-capita diagram^ and BPollutant ratio
analysis^ sections for more details)
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2) In the DOM sector, the inter-inventory ratios can be clas-
sified in the following order:
~E
NOx
BUP=TOD >
~E
SO2
BUP=TOD≈~E
VOC
BUP=TOD >
~E
PM10
BUP=TOD.
It is then possible to deduce several relations between the
emission factor ratios, among others: ~eNOx=SO2BUP > ~e
NOx=SO2
TOD ,
~eNOx=PM10BUP > ~e
NOx=PM10
TOD , ~e
SO2=VOC
BUP ≈~e
SO2=VOC
TOD , etc.
The inter-inventory ratios can also be classified in the re-
maining two other sectors. For the INDU sector, the bar plot
shows that ~E
NOx
BUP=TOD >
~E
PM10
BUP=TOD≈~E
SO2
BUP=TOD≈~E
VOC
BUP=TOD.
Consequently, the emission factor ratios between PM10,
SO2 and VOC are all very similar in the BUP and the TOD
inventories. But the ratios between NOx emission factors and
the three previous pollutants will systematically be higher in
the BUP than in the TOD emission inventories.
In the TRAFF sector, the classification gives
~E
NOx
BUP=TOD <
~E
PM10
BUP=TOD≈~E
VOC
BUP=TOD <
~E
SO2
BUP=TOD.
Contrary to the two previous sectors, the inter-inventory
ratios for NOx are lower than for the other pollutants.
Consequently, the ratios between the NOx emission factors
and the other pollutant emission factors will always be lower
in the BUP than in the TOD emission inventory. The inter-
inventory ratio for SO2 being the highest, emission ratios be-
tween SO2 and the other pollutants will always be higher in
the BUP than in the TOD emission inventories.
In order to further investigate the emission factor ratios, a
more specific indicator will be defined in the BPollutant ratio
analysis^ section.
Diamond diagram
The Bdiamond diagram^ (Fig. 2b) is proposed to identify
whether differences between bottom-up and top-down inven-
tories can be mostly related to differences in the use of
emission factors or differences in the choices of activity data.
The methodology is fully described in Thunis et al. (2016)
together with an application example on the region of
Barcelona. We therefore recall here basic principles behind
the construction of the diagram and refer the reader to
Thunis et al. (2016) for more details.
The diamond diagram is constructed as follows: the activity
ratios (ABUP/ATOD) and emission factors (eBUP/eTOD) are used
in a logarithmic scale along the y- and x-axes, respectively. The
choice of the logarithmic scale allows visualizing large differ-
ences which may occur between two inventories for given sec-
tors or pollutants, as well as results in a symmetric diagram for
both over- and under-reporting. The distance from the X origin
provides information on the deviation made in terms of emis-
sion factor (i.e. lower and higher on the left and right sides,
respectively) while the distance from the Y origin provides
information on the deviation in terms of total activity (i.e. lower
and higher on the bottom and top parts, respectively). As a
result of the construction, the diagonals (slope −1) provide
information on the overall under-/over-prediction in terms of
total emission (EBUP/ETOD), which corresponds to the ratio
values shown in the bar plot (BBar plot^ section). Coloured
thick lines are overlaid to delimitate where activity, emission
factor and total emissions all remain within a given degree of
variation forming a diamond shape. For example, the red dia-
mond indicates ratios of activity, emission factor and total emis-
sions all within 100% (or a factor 2) differences (Fig. 2b).
Colours and symbols are used to identify pollutants and
sectors, respectively. These choices are made to facilitate the
identification of the different ratios. The size of the symbol is
then made proportional to the emission magnitude (i.e. the
emission for one sector is compared to the total emitted for
all sectors for one given pollutant). This feature is introduced
to identify the biggest contributors and potential sectors to
mitigate. For example, a point far away from the origin but
of small size could indicate a second-order problem.
Fig. 3 Bar plot used on the
practical case (Barcelona city) for
the macro-sectors of non-
industrial combustion (DOM),
industrial combustion and
processes (INDU) and road
transport (TRAFF) and VOC,
NOx, SO2 and PM10
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Thunis et al. (2016) proposed a sequence to perform the
analysis of the diamond diagram. We briefly summarize these
steps here with a particular focus on the Barcelona case
(Fig. 4).
1) Overall distribution
This first screening is performed to identify which sector-
pollutant points are further away from the origin and if incon-
sistencies are mainly related to emission factor, activity and/or
total emissions. In the Barcelona case, most of the 12
pollutant-sector comparisons lie outside of the red diamond
shape (factor 2), indicating clear issues to be solved. This
distribution is in line with the large ratios obtained with the
bar plot in the BBar plot^ section.
2) Analysis of total emissions per sector
A large or low discrepancy between total emissions can be
identified by the distance of the points from the diagonal −1
slope curve. The distances of the points from the diagonal −1
slope curve are consistent with the interpretation performed in
the BBar plot^ section (e.g. BUP emissions for the INDU
sector are clearly lower than the TOD estimate). The sizes of
the symbols clearly point to VOC and PM10 for TRAFF as
being the main outlier, followed by INDU emissions for SO2.
PM10 for DOM and SO2 for TRAFF are second priorities.
NOx for TRAFF is the closest to the origin, a reassuring fea-
ture on the consistency of the two inventories.
3) Emission factors versus activities
The distance from the X origin (or along the X axis) indi-
cates inconsistencies dominated byweighted emission factors,
whereas the distance from the Y origin (or along the Y axis)
provides information on the deviation in terms of activity.
With the exception of a couple of pollutant-sectors (TRAFF-
NOx and DOM-NOx), all other ratios show larger differences
in terms of emission factors than in terms of activities.
4) Compensation versus adding up
Points in the compensation zone are characterized by two
specific cases: a too high activity compensated by a lower
emission factor (left-top corner) or a too low activity compen-
sated by a higher emission factor (right-bottom corner). It is
also interesting to screen possible compensations across sec-
tors (overall higher emissions of one sector compensated by
the lower emissions of another). In the Barcelona case, the
DOM points mostly lay in the compensation zone character-
ized by higher activity and lower emission factor values,
whereas for the INDU sector, most of the points lay in the
adding-up zone where lower activity and weighted emission
factors both contribute to a large difference between BUP and
TOD inventories. It is interesting to note that some compen-
sation also occurs between the TRAFF sector and the two
other sectors.
5) Distances between points
As explained earlier, a large distance along the horizontal
axis between two points indicates issues in terms of the used
weighted emission factors. But the same distance also pro-
vides information about pollutant ratios and about their con-
sistency between inventories (see Thunis et al. 2016 for more
details and example below). A similar reasoning can be
followed along the Y axis where the distance between the
different sector lines indicates discrepancies in terms of rela-
tive sectorial emission ratios between the two inventories. For
TRAFF in Barcelona, the vicinity of the VOC and PM10 along
the X axis implies that the emission ratio VOC/PM10 for this
macro-sector is consistent in the two inventories but that both
VOC and PM10 are higher in the BUP inventory, as indicated
by the position of these two points with respect to the diago-
nal. Following the same approach, pollutant ratios between
Fig. 4 Activity-emission factor
diagram used on the practical case
(Barcelona city) for the macro-
sectors of non-industrial
combustion (DOM), industrial
combustion and processes
(INDU) and road transport
(TRAFF) and VOC, NOx, SO2
and PM10
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the VOC, PM10 and SO2 emissions (i.e. VOC/PM10, VOC/
SO2 and PM10/SO2) are consistent between the two invento-
ries for INDU. For DOM, this consistency is only observed
between the VOC and SO2 emissions (i.e. VOC/SO2).
In the present analysis, NOx is selected as the reference
pollutant for all macro-sectors. We refer to Thunis et al.
(2016) for more details on the argumentations used to justify
this choice as well as on its implications in terms of
interpretation.
Per-capita diagram
The bar plot diagram previously described provides useful
information on the differences between two inventories in
terms of absolute total. However, it does not inform whether
these differences are important or not, in absolute terms.
Therefore, the Bper-capita diagram^ is proposed here to com-
plement the bar plot analysis. The approach consists in using a
collection of cities/regions for which per-capita emission
values are calculated and ranked. The top-down and bottom-
up per-capita emissions for the region/city of interest are then
compared to this scale.
The per-capita diagram (Fig. 2c) is constructed as follows:
(1) a collection of cities/regions/countries is defined, covering
a wide spectrum of locations that includes main European
megacities as well as rural regions; (2) for each of these, the
administrative area and population (see the BComparison
rules^ section) are used to calculate per-capita emissions for
each sector/pollutant couple, based on top-down values
(ETOD/pop) (i.e. EC4MAC and TNO_MACC-II emission in-
ventories); (3) these values are then ranked and used to scale
both the X andYaxes of the diagram; (4) bottom-up per-capita
emission values (EBUP/pop) are calculated for the city/region
of interest. The position along the X (Y) axis corresponds to
the ranking (in percentile) of the analysed city/region top-
down (bottom-up) estimate within the top-down collection
of cities/regions.
Sector/pollutant points lying above the diagonal will indi-
cate a larger value of the bottom-up inventory, expressed as a
number of cities/regions (in percentile) within the collection.
The X and Y axes then provide bounds in terms of EU vari-
ability, based on top-down estimates. The main added value of
this diagram is to provide an estimate of the degree of varia-
tion across EU cities/regions against which to scale the ob-
served bottom-up/top-down differences.
This diagram is best used by analysing all pollutants/
sectors simultaneously. Colours are used to identify each pol-
lutant while symbols are used to distinguish sectors.
The following sequence is proposed to perform the analysis
of the per-capita diagram.
1) Is the top-down ranking reasonable?
For each sector/pollutant point, the position along the X
axis provides information on how the city/region of interest
is considered within the top-down inventories. Checking the
close neighbours within the ranking as well as the overall
ranking position may help spot inconsistencies.
2) Are the bottom-up and top-down rankings consistent?
The response to this question is given by the distance from
the diagonal. It is also important to assess whether the ranking
difference is important with regards to the overall EU variabil-
ity (e.g. do we remain within the range of the top-down
ranking?)
The results over the Barcelona area for this indicator are
presented in Fig. 5.
1) Looking at the position of the points along the X axis,
we can see large distances between pollutants belong-
ing to the same macro-sector. For the INDU sector,
PM10 is located in the 40% EU percentile while the
rest of pollutants (NOx, SO2 and VOC) are close to
90%. This may indicate an inconsistency in the TOD
inventory since usually PM10 and SOx emission pat-
terns are similar for this macro-sector (emissions
linked to combustion processes). Moreover, these re-
sults classify Barcelona as a highly industrialized city
within the EU cities, which may be inaccurate. For the
TRAFF sector, there is also a large distance between
VOC (55%) and PM10 and NOx (between 85 and
90%). These results could be interpreted as Barcelona
having a large ratio of diesel to gasoline vehicles com-
pared to other European cities and regions, which is in
line with the Eurostat national transport statistics
(http://ec.europa.eu/eurostat). For the DOM sector,
NOx is located in the 40th percentile while the rest of
pollutants are located between 55% (SO2) and 65%
(PM10). The fact that PM10-DOM is above 50%
could indicate a significant use of coal- or biomass-
based fuel in the domestic sector, which may also be
inaccurate.
2) In the TOD inventory (X axis), all the sector/pollutant
points are ranked between 40 and 95 EU city percentiles,
while the ranking for the BUP inventory (Y axis) goes
from around 0 to 100%. This indicates high inconsis-
tencies between the two inventories. In fact, NOx-
TRAFF is close to the diagonal, in line with the results
found in the previous diagrams, followed by PM10-
TRAFF and NOx-INDU. According to the bar plot results
(BBar plot^ section), the differences between NOx emis-
sions for INDU are higher than for DOM. However, in the
current diagram, NOx-INDU is closer to the diagonal than
NOx-DOM. The same occurs with SOx-INDU and SOx-
TRAFF. This fact indicates that the sensitivity of the EU
city percentile to total emissions varies depending on the
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macro-sector and pollutant. Keeping the focus on the Y
axis (BUP inventory), NOx emissions for the INDU and
DOM sectors exceed the 60th percentile, while the rest of
pollutants are located below 20%. The fact that the PM10-
INDU point is located close to 0% may indicate a prob-
lem in the BUP inventory. On the other hand, all the
pollutants for TRAFF are above the 80% EU city percen-
tile, both SOx and PM10 exceeding the 95th percentile.
The SOx position may indicate an issue to be solved while
the position of PM10 may be related to the contribution of
dust resuspension emissions.
Pollutant ratio analysis
The Bratio diagram^ (Fig. 2d) is used to assess the con-
sistency of pollutant emission ratios between inventories.
These ratios provide valuable information about the un-
derlying processes, and it is important to assess whether
these underlying processes are accounted for in a consis-
tent way in the two inventories we wish to compare. As
an example, the ratio of the total NOx to PM10 emissions
(ENOx/EPM10) for the traffic sector will provide informa-
tion on the proportion of gasoline versus diesel vehicles
within the overall fleet. It is therefore interesting to
check whether the top-down and bottom-up inventories
provide similar values for this ratio. But it is also inter-
esting to check if the ratio values obtained for these two
inventories are in line with other available references. In
this work, we use the values obtained from the GAINS
database (Amann et al. 2011) for all EU countries as an
underlying scale for the relevant emission ratios. Table 1
details the emission ratios selected in our approach and
lists for each of them the minimum and maximum values
reached across EU countries together with an explanation
of the underlying process and indications on how to in-
terpret the ratios. A similar approach has been used in
the frame of the EURODELTA project to increase the
consistency of spatial gridding of the EMEP emission
inventory (EMEP 2004).
Based on this information, we construct the ratio dia-
gram as follows for each pollutant ratio: (1) a scale is
constructed based on the set of GAINS country values
organized from lowest to highest; (2) levels of interest
are explicitly indicated within that scale (10th percentile,
median, 90th percentiles) as well as the GAINS ratio val-
ue for the country to which the analysed inventory be-
longs (green centre line in Error! Reference source not
found.d); (3) the ratio values from the two inventories,
represented by a blue (top-down) and red (bottom-up)
triangle symbol, are overlaid on this scale; and (4) in the
case of the traffic macro-sector, emission estimates from
the TREMOVE transport model (www.tremove.org) are
also used as reference and are overlaid, providing
additional information on the possible range of variation
of these pollutant ratio values. It is important to note that
the EU country references are compiled at national levels
and could well differ from regional/urban values. There is
therefore no certainty that the bottom-up estimate is
poorer that the top-down one but the methodology how-
ever allows identifying inconsistencies.
The following sequence is proposed to perform the analysis
of the ratio diagram:
1) Are all pollutant ratios consistent among each other for a
given macro-sector?
A reasonable ratio between two pollutants might be obtain-
ed although the two pollutant emission estimates are wrong
(e.g. compensation of large values). Cross-checking the con-
sistency of all ratios is therefore important.
2) Are the bottom-up/top-down differences reasonable with
regards to the EU reference scale?
Fig. 5 Per-capita emission
diagram used on the practical case
(Barcelona city) for the macro-
sectors of non-industrial
combustion (DOM), industrial
combustion and processes
(INDU) and road transport
(TRAFF) and VOC, NOx, SO2
and PM10
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The EU country scale provides minimum and maximum
bounds against which it is interesting to put the BUP-TOD
difference in perspective.
3) Which information about underlying processes can be
extracted?
Following the examples provided in Table 1, the different
ratio values can be linked to a certain emission pattern (e.g.
PM10/NOx ratio close to zero for the SNAP02 macro-sector
indicates that the use of natural gas is much higher than wood).
The results over the Barcelona area for this indicator are
presented in Fig. 6.
Table 1 List of the pollutant ratios per macro-sector (MS) (ref: GAINS) expressed as minimum (min), median (med) and 95th percentile (95p)
MS Ratio 2015 Variability Comment
min med 95p 2025/
2015
SNAP01 NOx/SO2 0.3 1.4 4.6 1.1 Close to 0 for liquid- or coal-based fuel. Much higher for natural gas
NOx/PM10 1.5 13 28 1.2
NOx/NH3 17 119 473 0.4 Low if SCR or SNCR systems are in place. Higher values indicate incomplete reaction of NH3
additive.
VOC/PM10 0.2 1.4 3.4 1.5 Close to 1 for liquid- or coal-based fuel and much higher for natural gas
SO2/PM10 1.5 8.6 27 0.6 Very high for liquid-based fuel, high for coal-based fuel and close to 1 for natural gas
SNAP02 SO2/NOx 0.1 0.5 4.0 0.9 Close to 0 for natural gas. Much higher for liquid- or coal-based fuel
PM10/NOx 0.2 1.3 4.7 0.9
PM10/VOC 0.2 0.5 1.1 0.9 Close to 1 for liquid-, coal- or biomass-based fuel and much higher for natural gas
PM10/SO2 0.4 2.9 13 0.9 Very low for liquid-based fuel, low for coal-based fuel, close to 1 for natural gas and higher for
biomass
SNAP03 SO2/NOx 0.2 0.6 1.3 0.9 Close to 0 for natural gas and higher for liquid- or coal-based fuel
NOx/PM10 1.7 8.7 34 1.0 Low for liquid- or coal-based fuel and high for natural gas
PM10/VOC 0.3 1.7 9 0.7 Very high for process furnaces and processes with contact (e.g. iron and steel industries)
SO2/PM10 1.6 6.4 16 0.9 Very low for biomass, low for coal-based fuel, close to 1 for natural gas and much higher for
liquid-based fuel
SNAP04 SO2/NOx 0.3 3.2 23 0.4 Very high values identify processes in petroleum industries (i.e. sulphur recovery plants)
aluminium and sulphuric acid production plants
PM10/NOx 0.4 1.9 15 1.1 High values identify coke ovens and aluminium and fertilizer production plants
NH3/NOx 0.1 0.4 2.6 1.0 High values identify ammonia and fertilizer production
SO2/NH3 1.5 9.6 44 1.2 Low values identify ammonia and fertilizer production
PM10/SO2 0.1 0.6 10 1.1 Low values identify refinery, aluminium and sulphuric acid plants and high values identify
fertilizer production plants
SNAP07 NOx/SO2 273 548 848 0.6 High values indicate move to ultra-low sulphur content
PM10/SO2 19 44 73 1.3
NOx/PM10 5.6 12 17 0.7 High values identify gasoline-powered vehicles or modern Euro diesel-powered vehicles
equipped with particle filters (to be combined with the NOx/VOC ratio indication)
NOx/ NH3 22 49 90 0.9 Values between 10 and 50 indicate SCR systems. Higher values for emerging economies
NOx/VOC 1.2 4.2 8 0.8 High values for diesel-powered vehicles and much lower for gasoline-powered vehicles
SNAP08 SO2/NOx 0.0 0.0 0.2 0.6 High values for fuels with high sulphur content values, usually related to maritime activities (e.g.
residual oil)
NOx/PM10 9.9 14 22 1.2 Values are usually stable (several dozen). Very high values (several hundreds) identify air traffic
activities.
VOC/SO2 0.8 13 116 0.8 Very high values identify industrial or agricultural machinery and low values identify port
facilities.PM10/SO2 0.2 3.5 34 0.3
SNAP09 PM10/NOx 5.5 17 173 1.6 Above means unabated PM low values indicate reverse
SNAP10 PM10/NOx 8.5 58 744 1.0 High values identify manure management.
PM10/VOC 1.4 6.3 117 1.0
NH3/VOC 4.6 64 1106 1.0 Low values for cultures without fertilizers
NH3/PM10 3.0 8.2 35 0.9 Low values (<15) indicate manure management rather than crop production (>40).
The inter-annual variability (or robustness) of these ratios is also given along with process explanation
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1) For the DOM sector, the VOC/PM10 ratio obtained
with the BUP inventory is very large (7.5) compared
to the TOD (1.8) and GAINS (1.4) values due to dif-
ferences in the energy balance at local (Barcelona) and
national (Spain) level (see discussion in sequence 2).
For the TRAFF sector, the NOx/PM10 ratio obtained
with the BUP inventory is very low (6.5) compared to
the TOD (14.5), GAINS (12.5) and TREMOVE (20.7)
values due to the inclusion of dust resuspension emis-
sions. This source is not considered in the TOD dataset,
neither in the GAINS and TREMOVE inventories (offi-
cial national inventories do not report this fugitive
source). However, the VOC/PM10 ratio reported by the
BUP dataset (3.4) is consistent with the ratios reported
by the other emission inventories, especially with the
Fig. 6 Pollutant ratio diagram
used on the practical case
(Barcelona city) for the macro-
sectors of non-industrial
combustion (DOM), industrial
combustion and processes
(INDU) and road transport
(TRAFF) and VOC, NOx, SO2
and PM10
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national GAINS value (3.2). This indicates an inconsis-
tency between ratios.
For the INDU sector, the PM10/SO2 ratio estimated by the
BUP inventory (0.11) is in line with the GAINS national value
(0.17). Nevertheless, the results plotted for the NOx/PM10 and
NOx/SO2 ratios (close to or exceeding the corresponding
100th percentiles) indicate that both pollutants may be too
low in the BUP inventory.
2) For the DOM sector, the national pollutant ratios
obtained with GAINS are more in line with the
TOD results than the BUP ones (which exceed the
90th percentile in all cases). However, and specifi-
cally for this sector, it is important to note that the
comparison between ratios obtained at the city level
(i.e. Barcelona) and ratios obtained at the national
level (i.e. Spain, GAINS) is not feasible. Indeed, in
the case of Spain, natural gas is the main fuel con-
sumed in urban areas while biomass is mainly used
in rural areas. Hence, the larger the region of study
(from the city to the national scale), the higher the
amount of biomass consumed and the lower the
NOx/PM10 ratio. As a matter of fact, if we consider
the NOx/PM10 ratio reported by the BUP inventory
at the national level (1.1, not shown), then the value
agrees with the GAINS one (1.3).
For the TRAFF sector, the NOx/SO2 values reported by the
BUP (75) and TOD (841) inventories are very close to lowest
and highest extreme bounds provided by the GAINS data,
respectively. Considering the consistency found for NOx
emissions between the two inventories when using previous
indicators (BBa plot^ and BDiamond diagram^ sections), these
results could indicate an under- and over-prediction of SOx
emissions, respectively.
For the INDU sector, the NOx/PM10 ratios obtained with
both TOD (12.1) and BUP (37.5) largely exceed the maxi-
mum boundary established by GAINS (about 6). This could
indicate an under-estimation of industrial PM10 from combus-
tion and/or process units in both inventories, especially in the
BUP case.
3) The low VOC/PM10 and NOx/PM10 ratios obtained with
the TOD inventory for the DOM sector may indicate a
large share of biomass burnt in the total fuel consumed.
This conclusion is in line with Kuenen et al. (2014) who
indicated that an over-allocation of the residential bio-
mass emissions in urbanized centres may well occur in
the TNO_MACC inventory. On the other hand, the results
obtained with the BUP dataset for the same pollutant ra-
tios indicate that natural gas is the largest fuel consumed
in Barcelona. This process is more in line with the real
consumption patterns that occur in Barcelona city.
For the TRAFF sector, the NOx/SO2 value reported by the
TOD inventory indicates ultra-low sulphur content in the fuels
used, while the BUP results indicate use of higher sulphur
content fuel values. The fuel sulphur content value applied
in the BUP inventory is 20 mg/kg, an intermediate value be-
tween the limits set by the Spanish Royal Decree 61/2006
(50 mg/kg) and the Spanish Royal Decree 1088/2010
(10 mg/kg) considering that the reference year of the emission
model is 2009. The results shown indicate that this assumption
may be not convenient and that the BUP inventory may be
over-estimating the emission factor used for SO2.
Finally, for the INDU sector, the high NOx/PM10 and NOx/
SO2 values for BUP indicate that this inventory considers
cleaner fuels in the combustion processes (i.e. natural gas)
rather than liquid- or coal-based fuels. For the industrial co-
generation plants located in the surroundings of Barcelona, the
BUP inventory accounts for specific technology (i.e. gas tur-
bine) and fuel used (i.e. natural gas), for each installation,
resulting in specific emission factors for each installation.
This is not the case, however, for other kinds of facility (e.g.
glass or brick and tile industries) for which the same default
emission factor (average considering a mixture of natural gas
fuel oil and coal) is applied to all installations, leading to a
potential under-estimation of their weighted emission factors.
Table 2 summarizes the main findings obtained per macro-
sector and pollutant for each of the diagrams and indicators
embedded in the Δ-Emis tool. The combination of all these
findings allows formulating possible hypothesis that explain
the discrepancies between the two inventories and highlight
possible sources of inconsistency.
Strengths and limitations of the approach
One of the main strengths of the proposed approach lies in its
simplicity of implementation. It, indeed, only requires the total
emissions for each pollutant and macro-sector.
A second strength of the approach comes from the coher-
ence existing between the various graphs. All graph construc-
tions are based on different ratios of total emissions: inter-
pollutant and/or inter-inventory emission ratios which are
inter-linked (as previously explained in section 4.2.1).
Consequently, the conclusions coming from the different
graphs are coherent because they often contain the same in-
formation, but viewed with different perspectives. In
particular,
The comparison between the total emissions in the two
inventories appears in the bar plot, the diamond diagram and
the per-capita diagram. Information about higher/lower total
emissions directly visible in the bar plot is indeed also avail-
able in the two other mentioned diagrams through the position
of the points with respect to the diagonal.
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The pollutant ratios diagram, which is based on emission
factor ratios between two pollutants, is certainly the most ap-
propriate for analysing such ratios although it is not the only
diagram providing such information. For a given activity sec-
tor, the difference between two bar lengths in the bar plot or
the distance between two points in the diamond diagrams is
equal to the difference between the emission factor ratios in
the BUP and the TOD inventories.
Another strength of the Δ-Emis methodology is the com-
plementarity between the different diagrams. Even though the
relative location of the points in the diagrams is comparable,
the absolute distance between the points may vary depending
on the diagram. While the axes of the bar plot and diamond
diagrams are expressed in relative terms, the axes in the per-
capita emission and pollutant ratio diagrams are indeed
expressed in terms of European references. The relative infor-
mation obtained from the first diagrams can therefore be
scaled across reference absolute values.
The main limitation of theΔ-Emis tool is the fact that only
relative comparisons between emission inventories are possi-
ble. The bar plot and diamond diagrams provide comparisons
between BUP and TOP emission inventories but do not give
any information about the quality of each of these inventories.
Inventories could indeed be close to each other, but both could
also be totally wrong. Although the two other diagrams (i.e.
per-capita and pollutant ratios) use EU values as references,
close agreement with these references does not imply good
quality as these references could also be uncertain. The pro-
posedΔ-Emis methodology does not therefore provide quan-
titative information about the accuracy of an emission inven-
tory, but provides a coherent analysis of the differences be-
tween two emission inventories. The use of the Δ-Emis tool
must be seen as a first but not a unique step in an emission
inter-comparison exercise, to be completed with other ap-
proaches such as a GIS comparison exercise (i.e. spatial
cross-checking between layers of input data and emission re-
sults) or a comparison of air quality model simulations using
multiple emission datasets and observational data.
A second limitation of the tool comes from the fact that
TOD inventories are downscaled to a 1-km resolution (from
around 7 km) using a uniform sub-grid distribution. Although
making a practical and understandable starting point, this
choice may introduce additional bias and limitations to the
comparison, especially when comparing against BUP inven-
tories that may have been derived using spatially detailed ac-
tivity data.
Moreover, when using the Δ-Emis tool, it is important to
have a clear knowledge of the tested BUP and TOD invento-
ries (i.e. details on methodologies and data) to better analyse
the results and interpret the differences. It is also important to
have a general knowledge of the behaviours/tendencies of
sectoral emissions in the different countries and regions in
Europe to interpret the results of the per-capita diagram (i.e.
ranking obtained) and evaluate their consistency. For the prac-
tical application presented in this work, the authors had a
priori knowledge of the two inventories as well as of their
possible inconsistencies, which facilitated the interpretation.
This fact is in line with the FAIRMODE’s goal of involving
experts who designed the inventories in the discussions.
TheΔ-Emis tool is therefore best used to harmonize emis-
sion inventories by reducing the differences between them. It
also helps identifying differences between activities and emis-
sion factors. Coherence issues between emission factors can
then constitute a starting point to improve simultaneously
TOD and BUP emission inventories.
Conclusions
A user-friendly benchmarking tool (Δ-Emis) and methodolo-
gy is described to compare bottom-up and top-down emission
inventories. The study shows the practicality of the tool iden-
tifying potential sources of inconsistency between the
inventories.
Different indicators are described and demonstrated to be
useful to flag out anomalous behaviours in emission invento-
ries and to get insight on possible explanations. The first indi-
cator, a bar plot diagram, provides a first overview of the
differences between the compared inventories. The diamond
diagram was shown to provide meaningful information in
terms of discrepancies between the total emissions reported
by macro-sector and pollutant. Especially relevant is the in-
formation regarding the contribution of each macro-sector to
the total amount of emissions, as well as the identification and
quantification of the different factors causing the discrepan-
cies (i.e. activity and weighted emission factors). The per-
capita diagram complemented the bar plot, giving information
about the importance of the observed differences between
inventories, whereas the ratio diagram assesses the consisten-
cy of pollutant emission ratios between inventories and pro-
vides valuable information about the underlying processes.
The assessment performed with the Δ-Emis tool must be
understood as a first step or screening process in an emission
inter-comparison exercise, to be thereafter completed with
other approaches.
The described Δ-Emis tool and methodology are not lim-
ited to comparing bottom-up versus top-down inventories,
and it can be applied to any type of inventory comparison
(e.g. two top-down inventories). The methodology can also
be downscaled in terms of emission categorization and be
applied to sectors or sub-sectors to better understand the dif-
ferences seen at the aggregated macro-sector level.
It is expected that the wider use of theΔ-Emis tool on other
region/city areas across Europe will allow checking whether
the inconsistencies found in the present work are arising for
similar macro-sectors and/or emitted compounds. It is also
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expected to perform similar comparison exercises at the
regional/national level (i.e. comparisons between bottom-up
and top-down national emission inventories) to see if the
consistencies/inconsistencies found at the city level match
with the ones found at another spatial scale. Based on this
extended application, common rules to improve the quality
and consistency of bottom-up and top-down inventories will
be drawn.
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